Abstract.-The biogeography of southern Australia is characterized by a repeated pattern of relatedness between the biota of southwestern and southeastern Australia. Both areas possess a temperate climate but are separated by a vast arid region, currently lacking permanent freshwater habitats, which has become increasingly drier since about 15 Ma. Aquatic organisms have thus potentially remained isolated for a considerable time. Pygmy perches (Nannatherina and Nannoperca, Percichthyidae) provide an excellent scenario for investigating biogeographic relationships between southwestern and southeastern regions as multiple species occur on either side of Australia. This allows us to potentially differentiate between "Multiple Invasion" and "Endemic Speciation," the two major hypotheses proposed to account for current distributions. The first suggests that multiple east-west movements have occurred, whereas the second suggests a single east-west split, with current biodiversity in each region being reciprocally monophyletic. Systematic relationships within this group were investigated with the mitochondrial cytochrome b gene; nuclear intron and exon sequences from S7, RAG1, and RAG2; and 53 allozyme loci. Our data supported the hypothesis of multiple movements across southern Australia based on a consistent lack of support for reciprocal monophyly of eastern and western species. This study appears to be the first example of an animal group displaying clear multiple east-west movement in southern Australia, as all other aquatic and terrestrial fauna previously examined displayed a single east-west split. Despite a high degree of sympatry within each region, the only evidence for hybridization was found between Nannoperca australis and N. obscura, with the latter having its mitochondrial genome completely replaced by that of N. australis, with no evidence for nuclear introgression. This is one of only a few confirmed examples of complete replacement of the mitochondrial genome in one species with that of another. Cryptic differentiation was also evident within the two most widespread species, N. australis and N. vittata, indicating that these likely consist of multiple species. We also highlight the need for multiple molecular markers with different strengths in order to obtain a more robust phylogeny, despite problems resulting from potential incongruences between data sets.
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Southern Australia is characterized by two climatically temperate regions in the southeast and southwest (Fig. 1 ). These are separated by a large arid central area that effectively isolates flora and fauna that occupy the two wetter peripheral areas. This region has changed gradually since Oligocene, when climate started to become drier, punctuated by significant drying during Mid to Late Miocene and Late Pliocene Martin 1998 ). This drying resulted in major fragmentation of once widespread habitats and biota across southern Australia. This is thought to have played a major role in influencing biogeographic patterns in southern Australian plants (Beard et al. 2000; Crisp et al. 2004; Hopper and Gioia 2004; Crisp and Cook 2007) , birds (Cracraft 1986) , frogs (Roberts and Maxson 1985; Read et al. 2001 ; Burns and Caryn 2006; Morgan et al. 2007) , lizards (Jennings et al. 2003) , fishes (Unmack 2001) , and crayfishes (Munasinghe et al. 2004) . Impacts on the aquatic fauna were particularly extreme, as today the central arid region (∼1500 km) is completely devoid of obligate freshwater fishes due to the lack of permanent aquatic habitats (Glover 1982;  798 SYSTEMATIC BIOLOGY VOL. 60 FIGURE 1. Localities for all pygmy perch samples examined. Refer to Table 1 for corresponding locality details and species abbreviations. Shaded areas refer to known distributions of pygmy perch species at the river basin scale. The majority of the southern central region between the species occurrences is arid and largely devoid of freshwater fishes. The black region on the small insert of Australia represents the extent of the Eucla Basin. Unmack 2001) . The long isolation of the smaller temperate southwest region at least partially explains why it has such high numbers of endemic species, as shown by its ranking in the top 25 hotspots for endemism globally (Myers et al. 2000) .
In addition to increasing aridity, several well-known geological events that occurred ∼15 Ma are also thought to have been important in determining the timing and degree of isolation between southeastern and southwestern species. A Mid Miocene transgression extended across most of the Eucla Basin, a vast flat region ∼200,000 km 2 that extends from Port Lincoln west to Cape Pasley (∼1100 km of coastline extending as far inland as ∼400 km; Fig. 1 ), and resulted in deposition of the Nullarbor Limestone (Benbow 1990; Sheard and Smith 1995) . Shortly after this deposition, the Eucla Basin was uplifted and tilted southeastward (Sheard and Smith 1995) . This large limestone deposit presumably had a strong influence on certain biota, especially plants, based on the change in soil type and pH (Hopper and Gioia 2004) .
The Nullarbor Limestone contains negligible terrigenous clastic components, suggesting that fluvial sediment inputs were minimal (Benbow, Lindsey, et al. 1995) . This region (and much of central western Australia) is generally considered to have become increasingly arid at least since Mid Miocene (Benbow 1990; Martin 1998) . Evidence for this increase comes from at least two areas. Extensive ancient paleodrainages exist across southern Australia, but only a few paleodrainage channels extend partially across the Eucla Basin, and none reach the ocean, implying a lack of connectivity between inland rivers and the ocean (Van de Graaff et al. 1977; Beard 2002) . Based on this, Van de Graaff et al. (1977) and Beard (2002) concluded that significant stream flow in this region had ceased by the time the Nullarbor Limestone was uplifted and exposed (14-16 Ma). Additionally, Jennings (1967) suggested the immaturity of karst development on the Nullarbor Limestone was indicative of a drier climate (although Sheard and Smith [1995] suggested that Jennings may have underestimated the diversity of karst features).
Obligate aquatic organisms were likely isolated by exposure of the Nullarbor Limestone around 15 Ma. The development of more extreme aridity and the lack of evidence for rivers flowing to the ocean provides a reliable minimum age for the last time freshwater species could move between rivers between eastern and western Australia. It is important to note that we are not suggesting formation of this limestone was the reason for divergence between eastern and western species, only that movement after its formation was extremely unlikely. It is entirely possible that separation of these species 799 predates formation of the limestone due to other reasons, especially since aridity had begun prior to the exposure of the Nullarbor Limestone (e.g., Benbow, Lindsey, et al. 1995) . It is also important to note that potential east-west movement of freshwater fishes since mid Miocene north of the Eucla Basin (via inland drainage basins) was highly unlikely as that entire region became extremely arid around the same time. Earlier east-west movements further north may have been possible but seem unlikely based on limited fossil evidence that suggests most Australian actinopterygian fossils occur in the same geographic regions as related extant species today (Unmack 2001) . In addition, regions to the north likely had warmer climates, thus excluding species adapted to more temperate environments.
Within fishes, all southwestern groups except the endemic family Lepidogalaxiidae have their closest relatives in southeastern Australia (Morgan et al. 1998; Unmack 2001) . Of the nondiadromous groups of fishes, Tandanus has one species in both the east and the west and Galaxiella has two in the west and one in the east. A third group, the pygmy perches, with two and four species, respectively, in each region (Unmack 2001; Allen et al. 2002) offers the largest number of fish species from which to investigate biogeographic relationships between southwestern and southeastern regions. In addition, pygmy perches occur in virtually all drainages inhabited by fishes across southern Australia (Fig. 1) . Of the two pygmy perch genera, Nannatherina contains one species, Nth. balstoni, which is restricted to southwestern Australia (Fig. 1) . Nannoperca comprises five species, one in the west (N. vittata), three in southeastern Australia (N. australis, N. obscura, and N. variegata), and one with a limited distribution in central eastern Australia (N. oxleyana) (Fig. 1) . Within southeastern Australia, N. australis is widespread, whereas N. obscura and N. variegata have more restricted ranges (Fig. 1) .
Pygmy perches prefer lowland habitats, including low gradient rivers and creeks as well as floodplain habitats with aquatic macrophyte cover. Most commonly, these habitats have little or no flow during summer, although N. variegata often shows a preference for habitats with stronger current (Kuiter and Allen 1986) . Pygmy perches commonly reach 40-60 mm with a maximum size of ∼100 mm (Kuiter et al. 1996; Morgan et al. 1998) . They are relatively short lived, reaching maturity within 1 year, with individuals older than 3 years being rare (Humphries 1995) . Spawning time varies and appears protracted, with individuals spawning multiple times during winter through summer. In most species, females produce fewer than 700 demersal adhesive eggs that are scattered over vegetation and substrate and receive no subsequent parental care (Humphries 1995) . Most pygmy perches have suffered major declines due to substantial habitat loss and negative interactions with exotic fishes (Kuiter et al. 1996; Morgan et al. 1998) , resulting in the inclusion of all species except N. australis and N. vittata on national conservation lists (Allen et al. 2002; ASFB 2010 ).
The only previous phylogenetic work on pygmy perches was conducted by Jerry et al. (2001) as part of a broader study on relationships within Percichthyidae through characterization of 550 base pairs (bp) of mitochondrial 12S rRNA from one individual per nominal species. We expand upon Jerry et al. (2001) considerably by extending the geographic coverage within each species as well as incorporating 1 mitochondrial gene, 3 nuclear genes (introns and exons), and 53 allozyme loci. This suite of markers provides systematic insight over a range of taxonomic levels to help elucidate both shallow and deep relationships and provide a thorough search for any cryptic diversity within the group.
Traditionally, two alternative hypotheses have been presented to explain biogeographic patterns across southern Australia (Morgan et al. 2007 ). The Multiple Invasion hypothesis proposes that there have been multiple invasions into southwestern Australia, resulting in complex phylogenetic and biogeographic relationships with southeastern Australia, including lack of reciprocal monophyly of taxa in these regions (Main et al. 1958) . In contrast, the Endemic Speciation hypothesis proposes that groups in southern Australia were subject to a single separation, resulting in reciprocally monophyletic eastern and western lineages (White 1977; Maxson and Roberts 1984) . Aridity combined with the formation and uplift of the Eucla Basin 14-16 Ma provides an interesting scenario for investigating aquatic biogeographic patterns across southern Australia, as these provide a minimum date for the last potential separation of southern fishes. Importantly, the presence of multiple species of pygmy perch on either side of Australia allows us to potentially differentiate between the two competing hypotheses. Here, we assess the extent that molecular data support or reject reciprocal monophyly of eastern and western lineages in pygmy perches.
MATERIALS AND METHODS

Study Taxa and Sampling
Three to seven sampling locations were obtained for most species, except for the more widespread N. australis, of which individuals from 12 sampling locations were examined ( Fig. 1 and Table 1 ). Bostockia porosa was used as the outgroup based on the results from a broader morphological and phylogenetic studies of the Percichthyidae (Johnson 1984; Jerry et al. 2001 ). Our sampling strategy was designed to broadly test existing species-level taxonomy by including samples that cover the breadth of each species range. Such comprehensive geographic coverage is particularly appropriate for little studied groups, such as pygmy perches, because molecular genetic studies of many other groups within the Australian freshwater fish fauna have consistently revealed the presence of cryptic taxa (Crowley and Ivantsoff 1990; Hammer et al. 2007; Unmack and Dowling 2010) .
Number of sample locations and sizes for each species varied depending upon the molecular markers used. Notes: Species abbreviations are given in parentheses in the first column. The sampling location column gives the general location of each sample and the PU number refers to the field code associated with the first authors museum collections. When locations are represented by minor water bodies, the name of the main larger drainage is given in parentheses. Sampling location number refers to the location of each sampling location shown in Figure 1 . The last four columns provide details of which sampling location was examined for each marker (indicated by +). For allozyme analyses, specific sample sizes are shown, all other sample sizes were one. R. = river; trib. = tributary; Ck. = creek; L. = lake; Is. = island.
For cytochrome b (cytb), one individual from all but four sampling locations was sequenced for the entire gene (Table 1) . Number of sampling locations examined for S7 was smaller (Table 1) , as low within-species variation was observed, similar to other studies (Lavoué et al. 2003) . Because RAG1 and RAG2 genes are highly conserved, only one individual per taxon was sequenced for all species (Table 1 ). All but eight sampling locations (those lacking frozen tissues) were examined via allozymes using sample sizes that varied from two to eight individuals per site (Table 1) . Whenever possible samples were preserved whole in liquid nitrogen and stored in −80
• C freezers, with extra specimens collected at the same time being preserved in formalin and deposited in the corresponding state museum. Additional genetic material for most samples was deposited in the South Australian Museum.
Molecular Markers
We targeted markers that we could apply at different phylogenetic levels to complement one another and provide overlap in the scale of resolution. Allozyme electrophoresis was employed because it offers a larger number of independent codominant nuclear markers and is thus especially useful for delineating species boundaries and detecting hybridization (Richardson et al. 1986 ). Cytb is a faster evolving mitochondrial gene that has commonly been used in reconstructions of phylogenetic patterns both within and between relatively closely related species (Johns and Avise 1998) . Here, we use the complete cytb gene to broadly assess species boundaries and shallow phylogenetic divergences. S7 is a single copy nuclear ribosomal gene whose introns have been used to examine variation both within and among fish species (Chow and Takeyama 1998; Lavoué et al. 2003; Near et al. 2005) . We examined the first two introns of S7. Within-species variation is generally low and it has proven to be a good marker for determining deeper relationships among species either within genera and/or families (Lavoué et al. 2003; Near et al. 2005) , although alignment becomes increasingly difficult at higher divergences (Lavoué et al. 2003) . RAG1 and RAG2 are two adjacent nuclear genes that have been used mostly for reconstructing deeper phylogenetic patterns within and among families as they have a slower rate of evolution (Lovejoy and Collette 2001; López et al. 2004; Quenouille et al. 2004 ). In fishes, RAG1 consists of three exons and two introns (both of which are typically quite conservative), whereas RAG2 contains only one exon. Thus, each of these molecular markers is useful at different scales of application but together provide more complete coverage across all levels of phylogenetic relatedness.
Allozyme Electrophoresis
Muscle tissues for allozyme analysis were prepared by sonication in an equal volume of lysing solution (distilled water with 0.2% 2-mercaptoethanol and 0.02% nicotinamide adenine dinucleotide phosphate). After centrifugation for 10 min at 10,000 × g, the supernatant was stored at −20
• C as 10-20 μL aliquots in glass capillary tubes. Allozyme electrophoresis was conducted on cellulose acetate gels (Cellogel), according to principles and methodology of Richardson et al. (1986) . The following 36 enzymes produced zymograms of sufficient resolution and intensity to permit genetic interpretation: ACON, ADA, ADH, AK, ALD, AP, CA, CK, ENOL, EST, FDP, FUM, GAPD, GDA, GDH, GLO, GOT, G6PD, GPI, GSR, IDH, LDH, MDH, ME, MPI, NDPK, PEPA, PEPB, PEPD, PGAM, 6PGD, PGK, PGM, PK, SORDH, and TPI. Enzyme and locus abbreviations are detailed elsewhere (Richardson et al. 1986; Hammer et al. 2007 ). Allozymes were designated alphabetically and multiple loci, where present, were designated numerically, both in order of increasing electrophoretic mobility (e.g., Ada a , Ada b ; Ca1, Ca2). The allozyme data were analyzed for evidence of any departure from Hardy-Weinberg expectations and linkage disequilibrium within populations using GENEPOP version 3.1b (Raymond and Rousset 1995) , with probability values adjusted for multiple tests using the sequential Bonferroni correction factor (Rice 1989) .
Phylogenetic Analysis of Allozyme Data
Although the main focus of study was on phylogenetic relationships among pygmy perch species, the molecular genetic data can also provide insight into the extent to which existing species boundaries correspond to valid evolutionary entities. As such, the allozyme data were examined for presence of "cryptic" species and/or conflicts between morphological and molecular viewpoints. This was achieved by assessing the number of pairwise "fixed" allozyme differences, expressed as a percentage of the total number of loci screened (percent fixed differences, %FD), among operational taxonomic units (OTUs), OTUs found to be diagnosable by multiple fixed differences in sympatry were considered to be distinct biological species, whereas those that displayed 10 or more fixed differences in allopatry (>19 %FD) were considered likely to be distinct evolutionary species. The methodology and ratuionale underlying the use of fixed allozyme differences for delineating species boundaries are presented in more detail by Richardson et al. (1986) .
The common occurrence of within-species polymorphism creates an unresolvable problem for phylogenetic analysis of allozyme data and, as a consequence, no single method has received universal approval in the literature (Swofford et al. 1996) . Herein, we have employed a combination of the more widely accepted approaches. As the majority of allozyme loci were polymorphic in at least one sampling location, character-based methods of analysis were not applicable to our data. Instead, analyses were based on either genetic distance data or allele frequencies. All trees were rooted using the outgroup B. porosa.
Nei's genetic distance, corrected for small sample sizes (Nei's D; Nei 1978) , was chosen as the most suitable genetic distance measure. A pairwise matrix of Nei's Ds between all sampling locations was used to construct neighbor joining and Fitch-Margoliash trees, both of which estimate phylogenies without assuming an evolutionary clock. These analyses were undertaken using NEIGHBOR and FITCH (with global branch swapping) programs of PHYLIP 3.5c (Felsenstein 1993) . A measure of the robustness of clades was obtained by bootstrapping the allele frequency data and generating a series of 100 different genetic distance matrices (using a BASIC program written by M. Adams). These matrices were then input directly into both NEIGHBOR and FITCH and the resultant 100 trees used to generate a consensus tree (detailing bootstrap support for key nodes) using the CONSENSE program of PHYLIP.
Phylogenetic affinities of sampling locations were also estimated directly from allele frequency data using a maximum likelihood (ML) approach via the program CONTML (with global branch swapping) of PHYLIP. As CONTML does not permit missing values, these were replaced by the allele most commonly found in other sampling locations of that taxon where possible (Acon3, Adh, Ald2, Ap, PepB, and Pk1) or were otherwise deleted from analysis (Ca2, Est2, and Gda). A second analysis deleting all 9 loci produced a tree with the same general topology. Although CONTML allows input of multiple data sets, the size and complexity of the input file required was prohibitive and thus no bootstrap values were obtained.
DNA Isolation, Amplification, and Sequencing
Total DNA was obtained from ∼0.25 cm 2 of caudal fin or muscle via phenol/chloroform extraction modified from Hillis et al. (1996) . Primer sequences and 802 SYSTEMATIC BIOLOGY VOL. 60 combinations used for each gene are provided in Table  S1 (available from http://www.sysbio.oxfordjournals .org). Final concentrations for polymerase chain reaction (PCR) components per 50 μL reaction were as follows: 50 ng template DNA, 0.5 μM of each primer, 1 unit of Taq DNA polymerase, 0.2 mM of each dNTP, 5 μL of 10× reaction buffer, and 2.5 mM MgCl 2 . Amplification parameters were as follows: 94
• C for 3 min followed by 20-35 cycles of 94
• C for 30 s, 48
• C (cytb) or 53-55
• C (nuclear genes) for 30 s, and 72
• C for 60-90 s followed by 72
• C for 7 min. All nuclear sequence was obtained by nested PCR using various primer combinations (as shown in Table S1 ) with the first reaction being 25 μL using PCR conditions listed above except extension was for 90 s and reactions were run for 35 cycles. This first PCR reaction was then diluted to 1:99 (for S7), 1:9, or undiluted (for RAG), and 1 μl of this product was added to the second 50 μL reaction. Sequences were obtained with an ABI 377 automated DNA sequencer. Sequencing reactions were run with annealing temperatures of 50
• C for cytb and 53
• C for S7 and the RAG genes. All sequences obtained in this study were deposited in GenBank, accession numbers HQ713602-HQ713675. Several cytb sequences were obtained from GenBank including AY116002.1, GQ470894.1, GQ470900.1, GQ470904.1, GQ470906.1, and GQ470917.1.
Phylogenetic Analysis of DNA Sequence Data
Sequences coding for amino acids were aligned by eye and checked via amino acid coding in Mega 4.0 (Tamura et al. 2007 ) to test for unexpected frame shift errors or stop codons. Fourteen heterozygous positions within individuals were identified in S7 and one in RAG1 based on clear double peaks in forward and reverse sequences; these were labeled according to the IUPAC-IUB ambiguity codes. In all but one case, each heterozygous position was only found in a single individual, with one being found in two individuals. Intron sequences for S7 were aligned using ClustalX 1.81 (Thompson et al. 1997) with three different parameter settings (gap opening/gap extension: 10/5, 7/5, and 10/10). Some minor manual adjustment was required, especially in Intron 2 due to the presence of more indels, plus two larger indels shared between two taxa (41 and 87 bp, respectively) near the end of the alignment. All three settings gave essentially the same alignment except for within one indel. Intron sequences for RAG1 were aligned manually as all indels were short (<11 bp) and unique to individual species. All gaps were coded as missing data. For ML analysis, we used RAxML 7.2.6 (Stamatakis 2006; Stamatakis et al. 2008 ) on the CIPRES cluster at the San Diego Supercomputer Center by bootstrapping with 10,000 replicates using the GTRGAMMA model followed by calculation of the best ML tree. Various partitioning schemes were explored within cytb, S7, and the combined data set, but none resulted in different tree topologies or support values. Robustness of nodes for maximum parsimony (MP) was estimated with TNT 1.1 (Goloboff et al. 2008 ) by standard bootstrapping with a traditional tree search starting with Wagner trees with 10 random additions of taxa and tree bisection and reconnection (TBR) branch swapping for 10,000 replicates. The partition homogeneity test, otherwise known as the incongruence length difference (ILD) test (Farris et al. 1994) in PAUP* 4.0b10 (Swofford 2003) , was used to determine whether topological conflict existed between the different genes. The ILD and all combined analyses were conducted on the same 9 individuals sequenced for RAG, cytb, and S7 (Table 1) to explore phylogenetic signal rather than as a strict criterion as to whether to combine individual data sets (Levasseur and Lapointe 2001) . Based on the recommendations of Cunningham (1997) and Lee (2001) , we excluded all uninformative characters from the test. The ILD was run for 10,000 replicates with 100 random additions and TBR branch swapping. Within-and among-species variation were calculated using p distance in MEGA. To test alternative tree topologies, analyses were undertaken using the combined data set constrained such that all eastern Australian species were monophyletic. Comparisons were conducted in PAUP and consisted of a heuristic search with 100 random additions for MP. For ML, model parameters were obtained via Akaike information criterion (AIC) in Modeltest 3.7 (Posada and Crandall 1998) and analyzed via heuristic search with five random additions. Tree length comparisons were conducted via the Templeton and winning sites tests for MP and the Shimodaira-Hasegawa test for ML. All phylogenetic trees presented in this study were deposited in TreeBASE, accession number TB2:S11103.
In order to provide a time frame for evolution within the group, we used BEAST 1.5.3 (Drummond and Rambaut 2007) to calculate molecular divergence times. The data for each gene were combined and included a single representative of each species. Beauti 1.5.3 was used to generate the input file for BEAST, with subsequent manual text editing to fix the tree topology so that only branch lengths were estimated. The topology with appropriate branch lengths to match BEAST priors was obtained using r8s 1.71 (Sanderson 2003) . The node for N. vittata plus N. australis represents the most recent separation between western and eastern species and was given the minimum age of 14 myr, representing the end of the Mid Miocene transgression and formation of the Nullarbor Limestone over most of the Eucla Basin (Benbow, Lindsey, et al. 1995 ; Fig. 1 ). All other ages were estimated relative to that node. We used an uncorrelated lognormal relaxed molecular clock based upon a lognormal prior for the N. vittata/N. australis node with a mean and standard deviation of 1 with an offset of 14 using the speciation birth-death process. We explored various partitioning schemes and sequence evolution models to determine if these resulted in different time estimates. The best fitting model of molecular evolution for each partition was estimated via AIC in Modeltest. Analyses were run for 50 million generations, with parameters logged every 1000 generations with 10% burn-in. Multiple runs were conducted to check for stationarity and that independent runs were converging on a similar result. Output from BEAST was examined in Tracer 1.5.3. Four runs were combined using LogCombiner 1.5.3 for a final number of 180 million generations.
RESULTS
With one exception due to introgression involving cytb, our molecular data sets provided clear discrimination among all described species. In addition, they revealed major and concordant genetic discontinuities, suggestive of cryptic speciation in the two most widespread species, N. australis and N. vittata.
Allozyme Analyses
The final data set for allozyme study consisted of 97 individuals characterized at 53 putative loci. No instances of heterozygote deficiency were evident at any site for any species, allowing the 30 examined sampling locations to remain the final focus of analysis. Allele frequencies for these 30 sampling locations are presented in Table S2 , and resultant pairwise genetic distances (%FDs and Nei's Ds) within species are contained in Table 2 .
Examination of genetic distance data reveals that all described species of pygmy perch are unequivocally diagnosable from each other by fixed differences at a minimum of 17 independent allozyme loci (33-72 %FD and 0.40-1.33 Nei's D for ingroup comparisons). Thus, all qualify as valid evolutionary and/or biological species, even in the absence of other supportive data. However, the outcome for conspecific sampling locations varies among the different species. Thus, allopatric populations of Nth. balstoni, N. oxleyana, N. obscura, N. variegata, and B. porosa displayed consistently modest levels of genetic divergence (range 0-8 %FD, 0-0.10 Nei's D), well below our threshold for the recognition of distinct evolutionary species. In contrast, allopatric populations of N. australis and N. vittata exhibited a much greater range of divergence levels (0-32 %FD, 0-0.42 Nei's D), with some combinations of populations being diagnosable by the requisite 10 or more fixed differences. Specifically, the allozyme analyses identified distinct western (Sites 8-11, 21-24, and 27) and eastern (Sites 28-30) lineages in N. australis (10 fixed differences; Table S2 ), plus distinct northern (Sites 1 and 2) and southern (Sites 3 and 6) lineages in N. vittata (13 fixed differences; Table S2 ). The neighbor joining tree generated using the allozyme data is presented in Figure 2 . Fitch-Margoliash and ML trees have not been presented, as they are identical to the neighbor joining tree for all well-supported clades (bootstrap values >70%). All three analyses have the following key features in common: (1) monophyly of all conspecific sampling locations for the 9 taxa identified (including N. australis-A, N. australis-B, and N. vittata-B), (2) monophyly of N. australis-A and N. australis-B and monophyly of Nth. balstoni/N. vittata-B/N. vittata-A (although the latter two do not appear as sister taxa), and (3) shallowness (and lack of bootstrap support for distance-based trees) of all other basal branches leading to the terminal taxa.
Sequence Analyses
Phylogenetic relationships among species, as assessed using cytb, differed considerably from that obtained for the two nuclear genes, which provided similar topologies. The number of individuals examined for each FIGURE 2. Neighbor joining tree of allozyme data for pygmy perches depicting phylogenetic affinities of 30 sampling locations based on Nei distances and rooted with Bostockia porosa. Bootstrap proportions above 70% from 100 pseudoreplications are indicated for all nodes. Scale represents a Nei's D of 0.1. All well-supported clades received high bootstrap support in the Fitch-Margoliash tree and were mirrored by the CONTML ML tree. Each OTU code is based on the species abbreviation and sampling location number shown in Table 1 . Locality details are in Table 1 gene, the number of base pairs and characters within each gene, ML tree score, and the partition scheme used are presented in Table 3 . The cytb data set consisted of 1140 bp for 38 individual fish (Tables 1 and 3 ). MP and ML bootstrap analyses both provided little support (mostly <60%) for deeper nodes, but there was strong support (typically 100%) for most shallow nodes that defined the species Nth. balstoni, N. variegata, and N. oxleyana (Fig. 3a) . Nannoperca vittata had weaker support with MP and ML values of 60% and 91%, respectively. All N. obscura haplotypes were nested within the N. australis clade (Fig. 3a) , although this pattern was not reflected in any of the other three data sets (Figs. 2 and 3b,c) . The outgroup, the three most basal pygmy perches, and N. obscura all showed low levels of sequence divergence among sampling locations, whereas the widespread N. vittata and N. australis showed considerable divergence among sampling locations that likely represent multiple taxa within each species (Table 2) . Mean p distance between ingroup species mostly varied between 9.8% and 16.3%, with 3.3% between N. australis-A and N. australis-B and 10.7% between N. vittata-A and N. vittata-B. The main exception to these higher divergences was between N. obscura and N. australis-A, which differed by only 1.8% (Table 4) .
The two S7 introns yielded 1327 aligned positions for 24 individual fish (Tables 1 and 3 ). MP and ML bootstrap analyses both provided strong support (>93%) for all nodes between species except for Nth. balstoni and N. variegata, plus some of the shallowest nodes that generally involved differences of only a few base pairs FIGURE 3. ML trees for pygmy perches based on analysis of (a) cytb, (b) S7, and (c) RAG sequences. Branch lengths were estimated using RAxML assuming the GTRGAMMA model of evolution. Bootstrap values shown are derived from MP/ML analyses based on 10,000 replicates, respectively. Trees were rooted with Bostockia porosa. The thicker branches represent relationships within each gene that were inconsistent with combined analysis (Fig. 4) . Each OTU code is based on the species abbreviation and sampling location number in Table 1 . Locality details are in Table 1 and Figure 1 . Species names in panel A are followed by SE or SW to represent where the species occurs in southeastern or southwestern Australia. (Fig. 3b) . Within-species variation was typically low except for N. vittata and N. australis, a result consistent with cytb (Table 2 ). Mean p distance between ingroup species varied between 4.4% and 11.0%, whereas the two candidate species within N. australis and N. vittata differed by 1.2% and 2.8%, respectively (Table 5) . Within-species diversity was less than 0.5% (Table 2 ). RAG1 and RAG2 were combined and analyzed together as they occur immediately adjacent to each other (Peixoto et al. 2000) and each contained a low number of variable characters (Table 3 ). Hereafter, the combined genes are simply referred to as "RAG" and they consisted of 4753 bp total. MP and ML bootstrap analyses both provided strong support (>99%) for most nodes except that support for placement of N. obscura was lower (58%/70% for MP/ML, respectively) (Fig. 3c) . The p distance between ingroup species varied between 0.4% and 3.4% (Table 5) .
Topological Conflict
In this study, we follow an empirical strategy, conducting both separate and simultaneous analyses as per de Queiroz (1993) and Levasseur and Lapointe (2001) . Separate analyses allow us to examine and compare the phylogenetic signal content of each marker before simultaneous analyses of the combined data sets. Several studies point out that the results from congruence tests should not be used as criteria for rejecting the combining of individual data sets for two reasons. First, the reliability of the congruence tests, in particular the ILD test, has been questioned (Cunningham 1997) . Second, data sets that are in conflict over some parts of a tree may be congruent over other parts (Gatesy and Baker 2005) . In addition, Cunningham (1997) concluded that the ILD test is quite conservative at a significance value of 0.05 and suggested using a value of between 0.01 and 0.001.
Results for the ILD varied with comparisons between cytb with S7 and RAG being significantly different (P = 0.0398 and 0.0025, respectively), whereas comparison between the two nuclear genes was not significant (P = 0.1098). If one follows the suggestion of Cunningham (1997) of using smaller significance values, then only the comparison with cytb and RAG is barely significant. These results are not surprising, given each of these three data sets has differing phylogenetic strengths and weaknesses as demonstrated here and in Lavoué et al. (2003) and Quenouille et al. (2004) for the same genes. Specifically, based on the rates of sequence evolution, we would expect cytb to perform well at tip nodes but poorly at deeper nodes. At the opposite end of the spectrum, RAG should be best at resolving deeper nodes, whereas S7 should provide the best resolution at intermediate nodes. All these expectations are consistent with our results for individual genes (Fig. 3) . Furthermore, the nodes that are incongruent in each single marker data set have poor or lower support (Fig. 3) . Of those nodes, N. oxleyana in cytb has no or little support, the node for Nth. balstoni and N. variegata in S7 has the lowest support of any node between species for ML (but not MP), and in RAG, the node for N. obscura has the lowest values on that tree, plus it has a very short branch length. As a consequence, we are confident that a combined analyses of the sequence data was appropriate.
Our combined analysis was based on a single individual per species (with N. obscura coded as missing for cytb due to presumed introgression from its cooccurring congener N. australis-A) for a total of 7235 bp (Table 3 ). The resultant tree provided a strongly supported topology with all nodes being >99% except between N. obscura and N. oxleyana, which was between 80% and 83% (Fig. 4) . The combined analysis received the strongest overall bootstrap support relative to any of the individual gene analyses, a result consistent with our rationale that a combination of the three genes should allow the strongest signal at all depths of the tree to be best represented. Constrained analyses with enforced monophyly of all eastern Australia species were all significantly different for all tests (P < 0.001).
Molecular Clock Analyses
Dates obtained from the BEAST analysis of the combined data set are presented in Figure 4 ; most estimates had effective sample sizes >4000. We explored a variety of partition and sequence evolution models to determine whether this had any effect on age estimates. This included assigning between one and six partitions, using a variety of models of sequence evolution as selected by Modeltest for each partition, and employing runs with all partitions being either HKY or GTR. All schemes gave similar mean age estimates (i.e., differing by less than 10%), however, more complex partitioning schemes did not produce adequate effective sample sizes (<200). For our final analysis, we used four partitions (cytb, S7 Intron 1, S7 Intron 2, and RAG) with GTR. Multiple runs for 50 million generations with and without data were conducted to determine the influence of the prior on our calibration point. We contrasted mean values of 1, 2, 3, and 4 with the mean prior value estimated being 17.0, 20.3, 26.7, and 39.6 Ma, respectively, whereas runs with data provided lower estimates of 15.9, 17.4, 19.5, and 22.8 Ma, respectively. This demonstrates that the results were not simply being driven by the priors we used. Another important consideration was whether the rates of evolution being constrained by this calibration point were consistent with those estimated in other studies. Burridge et al. (2008) summarized estimates of rates for multiple mtDNA genes used in fishes and found values for cytb ranging from 0.0034 to 0.0076 (changes/site/myr). This compares favorably with our estimate of 0.0042, suggesting that our calibration restriction is not forcing an unrealistic rate of evolution on cytb rates. Estimated rates for the other partitions were S7 Intron 1 = 0.0023, S7 Intron 2 = 0.0027, and RAG = 0.0007; published rates for these genes seem to be lacking, thus preventing comparisons. Dates for the 8 supported nodes ranged from 4.05 Ma (95% CI: 2.3-5.9 Ma) for the sister taxa within N. australis to 41.8 (95% CI: 27.7-56.3 Ma) for the most basal node (Fig. 4) .
DISCUSSION
Biogeographic History
Our results demonstrate that the Multiple Invasion is the better supported hypothesis because eastern and western lineages of pygmy perches are not reciprocally monophyletic, reflecting multiple movements of pygmy perches across southern Australia prior to Mid Miocene aridity. To the best of our knowledge, this appears to be the first clear example of an animal group displaying multiple movements and times of diversification between the southwest and southeast of Australia prior to uplift of Eucla Basin in Mid Miocene (14-16 Ma).
Biogeographic interpretations about degree and direction of movement in any organismal group are always somewhat assumption laden. Thus, we do not uncritically accept center of origin arguments that suggest pygmy perches first originated in the west due to current day occurrence of the two most basal species in our analysis (Cain 1944) . It is entirely possible that neither species initially originated there but migrated there later. It is also possible that the lack of reciprocal monophyly reflects migration and local extinction of one or more lineages. For instance, N. variegata may have evolved in the west and moved to eastern Australia with subsequent extinction of western descendents. The same could be true for N. vittata in the opposite direction. Although if this were true, it would imply reciprocal monophyly, but it would still require multiple east-west exchanges.
What is inescapable is that a minimum of two migrations/range expansions occurred across southern Australia by two independent lineages. This is based on the fact that, starting from the penultimate basal node (Node G in Fig. 4) , each sequentially descendent lineage (down to the common ancestor of N. australis/N. obscura/N. oxleyana) occurs today on the opposite side of Australia when compared with its predecessor. If separation of the more basally derived species (Nth. baltstoni, N. variegata, N. vittata, and N. australis/N. obscura/N. oxleyana ancestor) occurred within either the east or the west only, then two of these lineages could have migrated across southern Australia, possibly at the same time. If separation occurred sequentially due to east-west migrations by each species at a different time, then three migrations would have occurred. Two 807 reasons lead us to favor the latter explanation. One is the long periods of time that occurred between each relevant speciation event, thus allowing more opportunity for a species to move such a long distance. For example, based on their mean divergence estimates, Nth. balstoni diverged 5.6 myr before emergence of N. variegata, a further 5.4 myr before emergence of N. vittata, and a further 3.6 myr before remaining eastern lineages diversified (Fig. 4) . The second is that prior to aridification, aquatic habitats would have been far more extensive across southern Australia, and there is every reason to presume that pygmy perches were once abundant and widespread across this area. Certainly today, they are found in nearly every coastal drainage with sufficient permanent freshwater, except for a few streams with depauperate fish faunas that drain into Gulf of St Vincent in the vicinity of Adelaide, South Australia (Unmack 2001) .
The isolation of eastern and western Australia by the Nullabor Plain ∼15 Ma provides a basis for an approximate time frame for the evolution and biogeography of pygmy perches. The most basal node between our outgroup B. porosa and Nth. balstoni provides an approximate time frame for initial evolution within pygmy perches and has a mean age of 41.8 (95% lower and upper values of 27.7-56.3 Ma, Node H in Fig. 4) . Thus, the group has relatively old origins during Early to Mid Tertiary. Nannatherina and Nannoperca had a mean divergence time of 26.9 Ma (20.8-34.1 Ma, Node G). The first extant species to separate from the ancestral Nannoperca, N. variegata, had a mean date of 21.3 (17.0-26.6 Ma, Node F), followed by N. vittata. The latter species' divergence was fixed in the BEAST analysis with a lognormal prior with a minimum age of 14 Ma on the basis that it represented the most recent divergence between eastern and western species, and therefore, the last time it was possible for east-west migration of any obligate freshwater species due to deposition of the Nullarbor Limestone. The mean age estimate for this node was 15.9 Ma (14.1-19.1 Ma, Node E in Fig. 4) .
Because deposition of the Nullarbor Limestone, diversification within pygmy perches has continued in southeastern and southwestern Australia. Initial diversification within southeastern Australia occurred 12.3 Ma (9.4-15.6 Ma, Node C in Fig. 4) between the ancestor to N. australis and N. obscura/N. oxleyana. Based on results of the combined analysis and S7, N. obscura and N. oxleyana are sister species that diverged at 11.2 Ma (8.2-14.6 Ma, Node B). Two more recent speciation events have occurred, one in southeastern Australia within N. australis (-A/-B) with a mean age of 4.05 Ma (2.3-5.9 Ma, Node A) and a second in southwestern Australia within N. vittata (-A/-B) with a mean age of 9.6 Ma (6.3-13.0 Ma, Node D in Fig. 4) .
Comparisons with Other Biota
Additional molecular data are available for two freshwater groups and several terrestrial groups with east-west distributions across southern Australia. The first are fishes from the galaxiid genus Galaxiella, which are broadly sympatric with pygmy perches. Waters et al. (2000) did not specifically date the split between the two western and one eastern species, but when degree of separation between them was compared with dated nodes, it suggested the separation between the reciprocally monophyletic eastern and western Galaxiella species was not recent (e.g., much earlier than Pleistocene), as had been hypothesized by Chilcott and Humphries (1996) . The second group is the crayfish genus Cherax. Munasinghe et al. (2004) found reciprocally monophyletic lineages in Cherax species from southwestern Australia and those from eastern and northern Australia with an estimated divergence time of between 10 and 19 Ma, which is broadly consistent with our hypothesized time of separation for pygmy perches. Molecular work also exists relative to terrestrial fauna and flora. Work on the lizard family Pygopodidae suggested the speciation of mesic-adapted lizards in southeastern and southwestern Australia largely occurred within each region between ∼12 and 23 Ma, with no evidence for subsequent mixing between these regions (Jennings et al. 2003) . In hylid frogs (genus Litoria), there are two reciprocally monophyletic sister pairs of species between the southwest and southeast of Australia. Their separation was tentatively dated as being 8.3-9.0 Ma (Roberts and Maxson 1985) and 10.8 (±1.2) Ma (Burns and Caryn 2006) . Two groups of myobatrachid frogs from the genera Crinia (Read et al. 2001) and Heleioporus (Morgan et al. 2007 ) also showed two reciprocally monophyletic sister pairs of species in the southwest and southeast of Australia. Crinia divergences were not dated; however, Heleioporus have been assigned an older estimate of separation between 17.5 and 42.4 Ma, which likely predates Eucla Basin uplift (Morgan et al. 2007) . All the aforementioned studies found single reciprocally monophyletic groups in the southeast and southwest of Australia, which is in strong contrast to our results for pygmy perches.
Within plants, Crisp and Cook (2007) undertook a broad survey of divergence times in various Australian plant groups that span southern Australia. Of the 23 pairs of plant lineages compared, 16 of them had divergences between 13 and 14 Ma, which was correlated to the uplift of Eucla Basin. Of the remaining seven species pairs, four were younger and three were older, suggesting a different cause for their separations. These divergence times from other taxa are broadly consistent with those used for dating pygmy perch divergences and suggest that similar patterns will be found when other biota are examined. In contrast to most animal studies, Crisp et al. (2004) demonstrated a diversity of results with several plant groups having divergences representing a single southwestern and southeastern separation, whereas several other groups had multiple divergences, some prior to Eucla Basin uplift, some post uplift. This diversity in results is probably a reflection of the preferred habitat of taxa examined, as some were more arid adapted than others. It is also important to consider the different constraints on movement that exist between diverse organisms such as fishes, crayfishes, frogs, lizards, and so forth, especially as aridity intensified, which may partially explain some differences in divergence times. Species diversity may also play a strong role in these results too as many groups tend to be depauperate in this region, thus limiting the number of extant lineages that we can compare. Extinction of lineages may also play a role too, especially given the strong isolation and long-term climate change trends, thus additional lineages may have moved, but we lack evidence of their existence. Based on current limited knowledge, multiple preuplift divergences appear to be more common in plants than animals. Examination of arid-adapted animal species will likely find similar results of post Eucla Basin uplift divergences across southern Australia but are yet to be conducted.
It is not really clear why pygmy perches are the only animal group so far to show multiple migrations. They are good at coexisting with each other, in that if the rarest species is present, then usually the other two species in that region will usually be present at the same site (Morgan et al. 1998 ; Fig. 1 ). In addition, the two most common species, N. australis and N. vittata, are quite widespread and abundant (at least historically) within much of their range and thus are well adapted to a broad range of habitats and conditions. It seems reasonable to suggest that their ancestors could have also been somewhat ubiquitous during wetter climatic periods prior to the Miocene Martin 1998 ). Thus, if habitats were available, then multiple pygmy perch species were likely present across all of southern Australia. However, similar suggestions could be made regarding crayfishes and other groups too, but for whatever reason they do not show the same pattern.
Hybridization
We found a strong contrast in our phylogenies generated using mitochondrial versus nuclear markers. These results suggest that the mitochondrial genome for N. obscura has been replaced via introgression with N. australis-A. The cytb data set with a larger sampling of populations has N. obscura clearly associated closely with the cooccurring N. australis-A (Fig. 3a and Table 4 ). In contrast, our nuclear data found that N. australis-A and N. obscura displayed 22 fixed allozyme differences (Table S2 ) and no indication of any shared DNA polymorphism. In addition, they are characterized by proportionally higher genetic distances in the nuclear data sets (Fig. 3a,c and Table 5 ). This contrast in the mitochondrial and nuclear results strongly suggests that hybridization between the two has occurred historically. Thus, it appears the ancestral mtDNA of N. obscura has been replaced by N. australis, with little, if any nuclear introgression evident today. This result is also supported by a broader genetic survey of N. obscura that examined most known populations for allozymes and cytb (Hammer et al. 2010) . Furthermore, Hammer et al. (2010) also found evidence for limited F 1 hybridization in one N. obscura population. This is one of only a few examples where complete replacement of an entire animal species' mtDNA has been recorded (Carson and Dowling 2006 ).
An alternate explanation for the cytb results for N. australis and N. obscura is stochastic lineage sorting. This can lead to discordances between species splitting patterns and topologies of gene trees, both for taxa that diverged anciently but speciated over a short time period and for recent speciation events (Avise 2004) . The same type of lineage sorting processes are involved in both situations, that is, different lineages already present in an ancestral gene pool by chance become differentially fixed in descendent taxa, resulting in a gene tree/species tree discordance (Takahata 1989; Wu 1991) . However, our nuclear DNA sequence data imply that N. oxleyana, N. obscura, and N. australis diverged around the same time (between 8.2 and 15.6 Ma; Fig. 4) . Thus, stochastic lineage sorting of preexisting mtDNA lineages could not have produced these results unless the youngest cytb node at issue is at least as old as the initial divergence. A roughly twofold increase in cytb divergence time is required to achieve this outcome, and subsequent disparity resulting for deeper nodes argues against this scenario.
Incongruence between Molecular Markers
Given the characteristics of each data set, some incongruence and/or differing levels of support for different depths of relationships were expected. Allozyme data sets are ideal for examining species boundaries and hybridization, and each ingroup species was clearly defined by fixed differences at between 10 and 33 loci. In general though, allozymes are not well suited to phylogenetic analyses (Murphy et al. 1996) and they performed poorly in the latter regard in this study, with only one well-supported node between species, which was incongruent with all other markers (Figs. 2 and 3) . Cytb is typically a good gene for examining within-and among-species variation but becomes less informative as levels of divergence increase. Most between species divergences in this study were between 9.8% and 16.3% (Table 4 ) and all but one node between species had only poor or no support and the position of N. oxleyana inferred by cytb was not supported by any other analysis (Fig. 3a) . In addition, as previously discussed, the phylogenetic resolution of N. australis and N. obscura was confounded by mitochondrial introgression. Both S7 and cytb had approximately the same number and proportion of parsimony informative characters (Table 3 ), yet the S7 data provided more reliable phylogenetic signal at deeper nodes as indicated by high bootstrap values at nearly every node between species (Fig. 3b) . The RAG genes are known to evolve more slowly and often exhibit little variation among closely related species (e.g., Lovejoy and Collette 2001; Hardman 2004; López et al. 2004; Quenouille et al. 2004 ). This limitation is apparent in our data set, with weakest support for relationships being for the sister group relationship between N. obscura and N. australis near the tip of the tree, but strong support was present for all deeper nodes (Fig. 3c) .
The most congruent results were from the two nuclear sequence data sets based on the ILD test and tree topology comparisons. Although both RAG and S7 differ at two nodes (Fig. 3) , they were otherwise broadly congruent, with those incongruent nodes having the lowest bootstrap values between species within each data set (except MP for S7) as well as having the shortest branch lengths between species. Our results using a range of markers demonstrate that obtaining a robust species-level phylogeny requires multiple markers with differing strengths over the full range of phylogenetic time frames expected. This allows a clearer picture of within-species patterns as well as elucidation of deeper nodes, both essential for species-level phylogenetic investigations. Furthermore, areas of incongruence can be identified and targeted for future research with additional genes. Last, a mix of mitochondrial and nuclear markers (especially allozymes) is essential to identify possible instances of hybridization.
Taxonomic Issues
Two species, N. vittata and N. australis, showed extensive genetic heterogeneity across their range, indicating that these taxa are inappropriately defined and likely consist of multiple species. When the two primary lineages within each taxon are separated and compared via p distance, %FD, and Nei's D (Table 2) , their levels of variation decrease significantly and become similar to those of other species. Distinctiveness of these lineages was also supported by high bootstrap values in all analyses except for allozymes for N. vittata (Figs.  2-4) . In both cases, the genetic discontinuity that occurs within each taxon displays a simple geographic pattern.
Within N. australis, three eastern sampling locations (Nau28, Nau29, and Nau30) form a distinct clade relative to western sampling locations (Fig. 3) . This group represents sampling locations east of the biogeographic boundary between the Eastern and Bass provinces, which was a low sea level divide that formed during glacial periods between mainland Australia and Tasmania in the vicinity of Wilsons Promontory and northeastern Tasmania (Unmack 2001) . The eastern sampling locations (N. australis-B) should eventually be elevated to full species status pending a morphological diagnosis and are likely to be referred to as N. flindersi based on a previous subspecific description for fish from the eastern side of Flinders Island (Scott 1971) .
The separation within N. vittata occurs between Gardner River (Site 3, Fig. 1 ) and Donnelly River (Site 2, Fig. 1 ) and may be due to differences in low sea level drainage patterns, as a small drainage divide occurs just west of Gardner River when sea level decreases (Unmack 2001) . Sampled locations of B. porosa from each side of this break in N. vittata were identical (Bpo1 and Bpo3), but no locations with Nth. balstoni were examined west of Site 3 (Fig. 1) . A number of low sea level bathymetric divides occur in this portion of Western Australia. Hence, a detailed phylogeographic examination of all three species (and other aquatic fauna) may reveal other biogeographic breaks and determine whether any common biogeographic patterns exist among them. The southern N. vittata-B populations (Nvi3 and Nvi6) clearly warrant elevation to full species status pending morphological diagnosis.
Once N. vittata and N. australis are each subdivided into their two putative evolutionary species, the overall levels of between sample location variation are low in all individual species (Table 2 ). These levels of variation are all consistent with the minor geographic differentiation that typically occurs within a single species (Johns and Avise 1998 ). However, for N. oxleyana, even low levels of genetic variation can reveal significant geographic differentiation, with important demographic implications regarding the conservation of local diversity (Hughes et al. 1999; Knight et al. 2009 ). All the species in our study displayed obvious genetic heterogeneity among the sites sampled. This heterogeneity demonstrates that any translocations of these species should be avoided, until further work can quantify geographic variation and identify any potential evolutionarily significant units or management units (Moritz 1994 ).
CONCLUSIONS
Pygmy perches provided an excellent example for investigating biogeographic relationships between southwestern and southeastern Australia and the influence of geology combined with aridity on biogeographic patterns in this region. Systematic relationships within this group were mostly well resolved and benefited greatly from the combined data sets used: the mitochondrial gene cytb; nuclear intron and exon sequences from S7, RAG1, and RAG2; and 53 allozyme loci. Pygmy perches were estimated to have begun diversifying around 27.7-56.3 Ma (Fig. 4) . At least two or three east-west migrations occurred prior to increasing aridification around 15 Ma, at which time east-west movements likely ceased. The three most recent eastern species diversified between 8.2 and 15.6 Ma (Fig. 4) . Cryptic differentiation has also occurred more recently within the two most widespread species, N. australis and N. vittata. Despite a high degree of sympatry, no evidence for hybridization was found except between N. australis and N. obscura. The latter species' mitochondrial DNA was replaced by N. australis, with no evidence for nuclear introgression. Not only does this group support the general pattern that an old biogeographic relationship exists between southwestern and southeastern Australia, but it strongly implies for the first time that multiple movements across southern Australia have occurred within a group of animals.
